A new endotracheal tube for neonatal use is described in which a 5FG pressure measuring catheter is attached to the convex surface of a conventional polyvinylchloride endotracheal tube. Using this modified endotracheal tube intratracheal pressure can be measured. Preliminary studies were undertaken in three infants. It was found that at high ventilatory rates (above 80lmin) pressures measured within the trachea were different from those measured in the ventilator circuit.
Recent observations suggest that during the mechanical ventilation of ihfants with severe hyaline membrane disease a ventilatory pattern of shallow, rapid breaths with a low tidal volume may be superior to the more generally accepted pattern of low ventilatory frequency and relatively high tidal volume. l These findings appear to contradict the earlier studies which showed that oxygenation varied directly with peak inspiratory pressure and varied inversely with respiratory rate. 2 The reason for this contradiction is thought to be that the pressure-preset ventilators employed by Smith] were unsuitable for rapid rates of ventilation and that at rapid respiratory rates the mean airway pressure and inspiratory to expiratory ratio decreased progressively.
At rapid rates of ventilation, pressure fluctuations within the ventilator circuit are unlikely to reflect accurately the pressure fluctuations occurring within the patient's trachea. A significant component of the pressure generated within the patient breathing circuit by the ventilator is utilised in moving inspiratory gas through a narrow bore endotracheal tube and in dealing with the capacitance and the compliance of the ventilator circuit. 4 The intratracheal pressure, the pressure which is responsible for distending the alveoli, can be very different from the pressure measured within the patient breathing circuit. 5 In order to measure accurately the pressure fluctuations developed within the patient's trachea, particularly during high frequency ventilation, a new endotracheal tube was developed for neonatal use.
Design of Modified Endotracheal Tube
To a standard 3.0 mm polyvinylchloride endotracheal tube a fine polyethylene catheter (5 FG) is applied to the convex surface ( The catheter is 52.5 cm long and the proximal end is fitted with a standard Luer mount which can be attached via a 3-way tap to a pressure transducer display unit and if necessary a chart recorder. To mInimise damping of the measurement of intratracheal pressure a continuous fluid column (normal saline) is maintained between the pressure transducer and the lumen of the trachea. With the pressure measuring catheter attached to a 3-way tap the dead space is 0.3 m!. A plastic flip-top lid is fitted to the Luer mount so that when intratracheal pressure monitoring is no longer required the normal saline can be aspirated from the pressure measuring catheter and the proximal lumen capped. With the pressure measuring catheter capped ventilation can proceed in the normal way.
The pressure measuring catheter separates from the endotracheal tube 17 mm from the proximal end of the tube. This separation of the catheter from the endotracheal tube is to avoid the possibility of the pressure measuring catheter becoming obstructed when the connector is inserted into the endotracheal tube.
A label 'do not feed' must be clearly attached to the proximal end of the catheter to minimise the risk of intratracheal instillation of fluid or milk. This arrangement of a small pressure measuring catheter attached to a standard endotracheal tube has been successfully used in adult patients. 6 The endotracheal tube with pressure measuring catheter attached is manufactured commercially by Portex, packaged in a sterile packet and intended for single use only.
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The use of the modified endotracheal tube has several potential disadvantages. The anteroposterior (A-P) diameter of the modified endotracheal tube is 20070 larger than a conventional endotracheal tube of equivalent internal diameter. This increase in diameter may on occasions necessitate the use of a modified endotracheal tube with a smaller internal diameter than would be required if a conventional endotracheal tube was being used. The increase in A-P diameter would increase the risk of trauma to the patient's airway when a modified endotracheal tube is being used. To date, the modified endotracheal tube has been used in three patients without complication. The patient's supraglottic mucosa viewed by direct laryngoscopy after extubation was normal in all three patients. Stridor did not develop after extubation in any of the three patients which would indicate that no significant subglottic oedema was present.
Another potentially serious hazard associated with the use of the modified endotracheal tube is that fluid or milk could be instilled via the pressure measuring catheter into the trachea.
Direct measurement of tracheal pressure allows the relationship between rate of ventilation, ventilator pressure settings and inspiratory to expiratory ratio to be examined in a more precise fashion. When the inspiratory time and/or the expiratory time is short the ventilator circuit pressure is an inaccurate reflection of intratracheal pressure. This discrepancy applies particularly to clinical situations where high frequency ventilation is being used.
Using the modified endotracheal tube the mean tracheal pressure can be kept as low as possible, compatible with adequate ventilation. This allows the complications of ventilation, such as reduction of cardiac output, pneumothorax, pneumopericardium, subcutaneous emphysema and bronchopulmonary dysplasia to be kept to a minimum.
In the individual patient with severe respiratory disease the decision to use a modified endotracheal tube depends on balancing the therapeutic advantages gained from direct tracheal pressure measurement against the morbidity associated with the use of the tube.
Practical Considerations in the Use of the Tube
Using the modified endotracheal tube it is possible to record simultaneously the pressure fluctuations in the patient's trachea and the pressure fluctuations in the patient ventilator circuit. Figure 2 is a sample of a recording made in a baby of 3.5 kg with severe hyaline membrane disease who was being ventilated using a constant-flow, time-cycled, pressurelimited ventilator at a rate of 140/min. The lag time between the initial pressure rise in the ventilator circuit measured at the endotracheal tube connector and the initial pressure rise in the patient's trachea was 0.07 seconds. During inspiration which lasted approximately 0.2 seconds the peak pressure measured in the ventilator circuit was 17 mmHg when the peak pressure measured simultaneously in the trachea was 13 mmHg. During expiration which also lasted approximately 0.2 seconds the end-expiratory pressure measured III the ventilator circuit registered zero when a simultaneous measurement of end-expiratory pressure in the patient's trachea measured 5 mmHg. The mean airway pressure measured in the ventilator circuit was 9.3 mmHg when the mean airway pressure in the patient's trachea was 9.2 mmHg.
Simultaneous pressure fluctuations measured in the patient's trachea and the patient ventilator circuit were made in the same baby while varying the rates of respiration. It was found that an inspiratory time of 0.4 seconds was required before tracheal pressure approximated to the peak pressure measured in the ventilator circuit.
For expiration to be complete the time required for expiration was 0.4 seconds. The shorter the expiratory time the higher the magnitude of the pressure differential between the pressure measured directly in the patient's trachea and the pressure measured at the endotracheal tube connector in the ventilator circuit.
The duration of the lag time between the pressure fluctuations in the patient's trachea and the pressure fluctuations in the ventilator circuit is determined by the following factors: The diameter and length of the endotracheal tube; the leak around the endotracheal tube; the fresh gas flow into the ventilator circuit; the compliance of the patient's lungs and finally the compliance and capacitance of the ventilator circuit.
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